The flora of 179 springs in Tatra National Park was studied between [2003][2004][2005][2006]. These springs represent complete diversity in the region with respect to altitude (from 900 to 1960 m a.s.l.), kind of bedrock (on siliceous and carbonate bedrock) and spring discharge (from 0.1 to >3500 l/s), and they also represent various ecomorphological types (mainly rheo-and helocrenes). In the springs, 239 plant taxa were recorded (60 mosses, 51 liverworts and 128 taxa of vascular plants). Among these species, 13 taxa (Arabis soyeri subsp. subcoriacea, Bryum schleicheri, Cardamine amara, Dichodontium palustre, Epilobium alsinifolium, E. anagallidifolium, Heliosperma quadridentatum, Palustriella commutata, Philonotis calcarea, P. seriata, Rhizomnium magnifolium, Scapania paludosa, S. uliginosa) had an ecological optimum in crenic habitats (crenophiles). Ecological and phytosociological characteristics of these species, as well as their distribution in the investigated springs, were shown.
Introduction
Springs are usually small dimension habitats which are strongly related to groundwater outflow. Particular habitat conditions, mainly low and constant water temperature and high air humidity throughout the year, determine their peculiar floristic composition (Zechmeister 1993; Valachovič 2001) . Springs focus taxa which are found only in crenic habitats (crenobionts) or have their favourite habitat there (crenophiles) (Hadač 1983; Zechmeister & Mucina 1994; Cantonati et al. 2006) .
Crenic flora is highly diverse. Plants associated mainly with rush and sedge vegetation (class Phragmitetea) , spring vegetation (Montio-Cardaminetea), wet meadows (Molinio-Arrhenatheretea) and swamps (Alnetea glutinosae) dominate on lowlands (Wołejko 2000a (Wołejko , 2000b (Wołejko , 2000c (Wołejko , 2000d Gawenda 2001; Kucharski 2007; Osadowski 2010) . In the montane regions, species connected with the Montio-Cardaminetea, Scheuchzerio-Caricetea fuscae, Mulgedio-Aconitetea classes play the main role (Stuchlik 1968; Mamcarz 1978; Krause & Wika 2009 ).
The flora of springs, especially in the mountains, is one of the less known types of biocenosis in our country, also in the Polish part of the Tatra Mountains, even though they are one of the most important crenal regions in Poland. The only information about this subject comes from the interwar period (Szafer et al. 1923; Szafer & Sokołowski 1927; Pawłowski et al. 1928 ) and from 1980s. (Balcerkiewicz 1984 . This knowledge is incomplete, describes only single, partly characterized plant communities, does not reflect the existing diversity of crenic flora, and does not explain its circumstances. Spring vegetation in the Slovakian part of the Tatras is much better known (Hadač 1956; Šoltes 1989; Valachovič 2001) .
The aim of this study is to present ecological and phytosociological characteristics of the crenophiles -rare and endangered plant species which have their favourite habitat in springs. Additionally a short characte ristic of the whole spring flora diversity is presented to provide background for a detailed study of 13 identified species of crenophiles in springs in the Polish Tatra Mountains.
Study area
The research was conducted in the Polish Tatra Mts. within boundaries of Tatra National Park (TNP) (21164 (Fig. 1) . The Tatra Mts. belong to regions with the greatest diversity and highest concentrations of groundwater outflows in Poland (Wit-Jóźwik 1974; Dynowska 1987) . Water outflows are irregularly distributed because of different geological and morphological conditions. Most of the springs are focused on the crystalline basement, and fewest are located in the upper karst (Łajczak 1996) . Spring distribution along the elevation gradient is closely related to geological structure. Almost all water outflows occur in the lower montane belt on calcareous substrates. In other altitude ranges, outflows are mainly fed by water coming from crystalline rocks.
Material and methods
The results presented in this paper are part of a larger study which focused on the diversity of spring flora and vegetation and was conducted during years [2003] [2004] [2005] [2006] in the Tatra National Park (Smieja 2009). Springs are defined here as areas under the direct influen ce of groundwater coming to the surface (crenal), i.e. the zone where the groundwater comes to the surface (euctenal), with the run off zone immediately adjacent to it (hypocrenal), until the stream forms or the water is lost.
Plant species compositions and basic environmental variables were recorded within the springs. The altitude of each springs was obtained using a topographic map 1:10 000 (Zarząd Topograficzny Sztabu Generalnego WP 1992). Water temperature and pH were measured in situ using portable instruments (mercurial thermometer with 0.1°C resolution, pH-meter Elmetron CP-104). The bedrock (calcareous or siliceous) was identified in the field with the help of geologic maps 1: 10 000 (Gózik & Sokołowski 1958 -1980 . (Ca -calcareous substrata) . This species is restricted to the calcareous substrate, and therefore most of its localities occur in the lower montane belt in the Western Tatras Biodiv. Res. Conserv. 36: 25-36, 2014 Samples were taken from 179 springs which represent complete diversity in the region with respect to altitude (from 900 to 1960 m a.s.l.), kind of bedrock (on siliceous and carbonate bedrock) and spring discharge (from 0.1 to >3500 l/s). They also represent various ecomorphological types (mainly rheo-and helocrenes). Environmental descriptions of all investigated springs are available in Smieja (2009). Nomenclature of taxa follows Mirek et al. (2002) , Ochyra et al. (2003) , and Klama (2006) .
Habitat conditions and distributions of the crenofiles were presented on ecodiagrams against the background of all investigated springs.
Results
In the investigated springs, a total of 239 plant taxa were recorded: 60 mosses, 51 liverworts and 128 taxa of vascular plants (Appendix 1). In crenic flora, plants found in springs with low frequency (below 10%) dominate (Fig. 2) . These are mainly highly specialized wet habitat species (e.g. high-mountain calcifugous or mountain calciphilous plants). A high number of taxa are also species characteristic of other types of habitats (e.g. Prenanthes purpurea, Thuidium tamariscinum) and enter the crenon of the surroundings because of their small size.
Plants occurring in springs with frequencies above 10% are rare. These are wide ecological amplitude species growing in a variety of wet habitats, for example Brachythecium rivulare, Deschampsia caespitosa, Viola biflora and species peculiar to spring habitats (e.g. Cardamine amara, Palustriella commutata, Philonotis seriata). Only two taxa, Viola bliflora and Palustriella commutata, are common in springs (with a frequency of over 50%). The species is characteristic of crenal communities of the MontioCardaminetea class. In the Tatra springs, two subspecies, altitudinally differentiated, are distinguished. C. amara subsp. amara is restricted to the lower montane belt, while C. amara subsp. opizii is restricted to the upper montane and subalpine belt. In some springs, there are intermediate forms between these subspecies, which are difficult to classify because of mixed traits Fig. 7 . The distribution and habitat range of Epilobium alsinifolium Vill. in the Tatra National Park springs (Ca -calcareous, Si -siliceous substrata). The species characteristic of the order Montio-Cardaminetalia (high altitude crenal communities). In springs, it is interspersed on the moss layer and its cover value is low,. E. alsinifolium shows high diversity in respect to altitude, but prefers the upper montane and subalpine belt. In the lower montane belt, the taxon was noted in springs with low water temperature (the average -6°C) Plants connected with permanently wet habitats dominate in crenic flora, and about 6% of them are crenophiles. Other plants, even those occurring in the investigated objects with high constancy, are species coming from surrounding habitats (Fig. 3) . In springs, they usually grow singly, reveal a reduced viability, and their species composition depends on the surrounding vegetation. Vascular plants dominate in this group (e.g. Oxalis acetosella, Picea abies, Soldanella carpatica).
In a phytosociological sense, in terms of the total number of taxa and their frequency, the carstic flora is dominated by characteristic and differential species of the MontioCardaminetea class. Species of montane tall-herb vegetation (Mulgedio-Aconitetea) are also numerous (Fig. 4) .
Among the taxa found in the investigated springs, 13 species have an ecological optimum in crenal habitats: 5 taxa of vascular plants, and 8 species of bryophytes. Below, the general ecological and phytosociological characteristics of the crenophiles are 
Discussion
In the spring flora, species primarily connected with the crenal habitat are particularly valuable. Because spring habitats are uncommon in the landscape and are often destroyed by human activity, crenophiles are rare and endangered species. Among plants, there are no crenobiotic taxa, which are represented only by animals (Cantonati et al. 2006) .
Investigations of 179 springs in TNP show that, although individual springs are small in size and are species poor (average 15 species) (Smieja 2009), they create a type of habitat gathering a high number of species. In comparison with the species richness of the Polish Tatras, the species noted in springs (239 taxon) make up about: 13% of mosses flora (Ochyra 1996), 25% of liverworts flora (Szweykowski 1996) , and 13% of the flora of vascular plants (Mirek & Piękoś-Mirkowa 1996) . The high taxa richness of crenic flora is due to the high diversity of the crenic habitat in the Tatara Mts., and absence of numerous species with wide ecological Fig. 12 . The distribution and habitat range of Palustriella commutata (Hedw.) Ochyra in the Tatra National Park springs (Ca -calcareous, Si -siliceous substrata). The species, characteristic of the Cratoneurion commutati alliance (montane and alti-montane crenal communities of calcareous substrates). It forms extensive patches, and often overgrows the whole spring's area (especially in helocrenes). This is a calcicole moss, even though it also occurs in the crystalline part of TNP, and always in springs with high water pH. This species shows a wide altitudinal distribution and an increased range of "granitic" species (Scapania uliginosa).
The occurrence of Palustriella commutata is interesting. This species, described as a typically calcicole moss (Bain & Proctor 1980) , occurs also in the crystalline Tatras on siliceous bedrock. There the Palustriella Fig. 16 . The distribution and habitat range of Scapania paludosa (Müll. Frib.) Müll. Frib. in the Tatra National Park springs (Si -siliceous substrata). This liverwort, characteristic of the Philonotidion seriatae alliance, is entirely restricted to bryophyte-dominated springs, where it forms extensive, swollen turfs. This species was noted in springs in the upper montane belt in the crystalline part of TNP Fig. 17 . The distribution and habitat range of Scapana uliginosa (Sw. ex Lindenb.) Dumort. in the Tatra National Park springs (Si -siliceous substrata). A liverwort characteristic of the Scapanietum uliginosae association. It forms an almost homogeneous layer covering large parts of springs. This species is related to groundwater outflow on siliceous bedrock up to the timberline. Localities were noted within springs with relatively high water temperature during the day commutata is probably associated with groundwater draining the calcareous rocks and outflowing in the crystalline area. One such interpretation of the occurrence of these species supports a higher than expected value of water pH. In the case of bryophytes growing in water, or flooded, water chemistry is more important than the type of substrate (Hájková & Hájek 2003) . The springs with water mineralization substantially different from the surrounding rocks were mentioned by Oleksynowa & Komornicki (1996) . 
